This study compared the technique of inserting the needle for caudal epidural blockade in a single pass parallel to the caudal canal versus the conventional technique of approaching the caudal canal with the needle at a steeper angle. Seventy-five patients, aged 0 to 72 months, scheduled for urological surgery were prospectively enrolled in this study. Patients were randomly divided into two groups: a conventional method group (caudal block performed with conventional needle insertion, n=40) and a new method group (needle inserted into the skin at an angle of 20° and into the caudal space without redirection, n=35).
Caudal epidural block is one of the most useful and popular regional blocks in paediatric anaesthetic practice. Successful caudal block depends on the proper placement of a needle in the caudal space by following anatomical landmarks. An understanding of the anatomy of the caudal space is a prerequisite for successful caudal epidural block. According to previous studies, successful entry into the caudal canal is most likely to be achieved via the upper third of the sacrococcygeal membrane 1, 2 .
On the basis of anatomical studies [3] [4] [5] , several methods of needle insertion into the caudal space have been introduced in both adults and children [6] [7] [8] . Despite the differences in anatomical structures between adults and children, most of the methods recommend using an angle of 60 or 90° to the skin in both age groups for sacral puncture. Although this type of approach is usually safe and reliable, several studies have reported complications, especially in infants and newborns [9] [10] [11] .
Our previous study demonstrated the optimal insertion angle during caudal block in children based on ultrasound images 12 . In this study, we proposed that the optimal angle of needle insertion during caudal block in children was approximately 20° to the skin along the sacral base, with which the chance of performing a successful caudal block could be increased with a minimal risk of intraosseous penetration. However, no study has been performed to evaluate the efficacy of this needle insertion angle. The present study was designed to investigate the clinical efficacy of this new technique by comparing the new technique of needle insertion with the conventional method, and the null hypothesis of this study was that there is no difference between the conventional and new methods for paediatric caudal block.
MATERIAlS AnD METHODS

Patients and procedures
After obtaining institutional approval and written informed consent from their parents, 75 patients aged 0 to 72 months, scheduled to undergo urological operation were prospectively enrolled in this study. Children with spinal dysraphism and other spinal abnormalities were excluded. Patients were randomly divided into two groups: a conventional group (CM: caudal block performed with conventional needle insertion) and a new method group (nM: caudal block performed by needle insertion at 20° angle to the skin). All procedures were performed by one of two anaesthetists (A, B) who did not know the purpose of this study. In the CM group, a needle was inserted at a right angle to the skin until it pierced the sacrococcygeal ligament, and then the needle was redirected rostrally at 20 to 30° to the skin before being advanced 2 to 3 mm into the sacral canal ( Figure 1) 13 . In the nM group, a needle was inserted into the caudal space at an angle of 20° to the skin -a one-step technique (Figure 1 ).
Monitoring for all patients enrolled included non-invasive blood pressure, electrocardiography, respiratory rate and pulse oximetry. Midazolam 0.05 mg/kg and ketamine 1 mg/kg were given intravenously for sedation 14 . After sedation, a 22 G, 5 cm short-bevelled caudal needle was inserted in all patients. In the CM group, the needle was inserted at a right angle to the skin until it pierced the sacrococcygeal ligament. The operator then turned the needle rostrally 20 to 30° to the skin and advanced it 2 to 3 mm into the sacral canal. In the nM group, the needle was inserted at a 20° angle to the skin. When the sacrococcygeal ligament was traversed with the classic 'pop' sensation, the operator injected the drug.
In both groups, we confirmed the location of the needle tip in all patients using a linear 7.5 MHz ultrasonography probe connected to the US machine (IP-1233, Aloka Co. ltd, Japan) before injection of the drug, and it was determined whether the needle insertion was successful or not. If the needle was not in the proper position at the first attempt of caudal block, the needle was changed and a second attempt at caudal block was made. Mepivacaine 2% (0.5 ml/kg) and ropivacaine 0.2% (0.5 ml/kg) with adrenaline 1 µg/kg was injected into the caudal space. The highest level of sensory block was not assessed and the operation was allowed to begin when both legs became flaccid. Following successful caudal block, no further analgesic medications were required.
The assessment
A total of 75 patients were randomly enrolled in each group. In 35 patients, caudal block was performed by the new (one-step technique) method and 40 patients underwent caudal block using the conventional method (Table 1) . Two anaesthetists (A, B), who had been familiarised with both techniques and did not know the purpose of the study, performed all of the blocks.
Demographic data were obtained for all patients. Total time required to insert needle into the caudal space, the number of attempts required for successful block and the number of bloody taps were assessed. Total time required to insert the needle (minutes) was defined as the time from the needle insertion into the skin to the completion of needle insertion. The success of the caudal block was defined as correct needle placement as determined by ultrasonography. Incorrect placement determined by ultrasonography was recorded as a failure.
Statistical analysis
Demographic data for the two groups (CM vs nM) were compared using the Mann-Whitney test, which was also used to compare the differences according to operator. A Wilcoxon signed rank test was used to compare total time required for caudal block between the two groups. The number of failures at the first attempt in each group was compared using Fisher's exact test. SPSS 12.0.1 (SPSS, Inc., Chicago, Il, USA) was used for the statistical analysis. A value of P <0.05 was accepted as significant.
RESUlTS
There was no significant difference in clinical characteristics and demographic data between the CM and nM groups (Table 1) . Age, weight and gender ratio were well matched. There were no significant complications such as intravenous injection or epidural haematoma in either group. All patients in both groups were clinically stable throughout.
For anaesthetist A, the mean time required (SD) to perform needle insertion in the CM group was 2.2 (0.8) minutes and 1.1 (0.7) minutes in the nM group (P=0.03). For anaesthetist B the mean time required (SD) to perform needle insertion in the CM group was 2.1 (1.1) minutes and 1.3 (0.8) minutes in the nM group (P=0.04) ( Figure 2) ( Table 2 ).
The failure rates for anaesthetist A at the first attempt of caudal block were 10.5% in the CM group and 5.9% in the nM group, and for anaesthetist B, 19.0% in the CM group and 11.1% in the nM group, which was not a statistically significant difference between the methods ( Table 2) . After failure at the first attempt (nine cases), caudal block was successfully performed at the second attempt in both groups. Of the nine failures at first attempt, there were four cases of bloody tap, all in the CM group, two for each anaesthetist. The other five cases of failure at the first attempt were subcutaneous placement of the needle tip, two in the CM group and three in the nM group.
DISCUSSIOn
The present study demonstrated the efficacy of the newer, one-step technique for paediatric caudal block which was also associated with a shorter time required to perform the block compared with the conventional technique. Although not studied in a controlled trial, Ivani et al 15 introduced a similar method to our one-step technique. They called their technique a 'no turn technique' in which the needle entered the caudal space at a 60° angle to the skin. When the sacrococcygeal ligament was penetrated with the classic 'pop' sensation, the drug was injected directly into the caudal space without changing the needle angle. This technique was in line with our previous study based on the analysis of ultrasonograghs of the paediatric caudal space 12 . However, we suggested a 20° needle angle to the skin as the optimal insertion angle based on the analysis of ultrasound images of the paediatric caudal space 12 . In the present study, we sought to evaluate the practical efficacy of this newly proposed method -a one-step technique of caudal block in children.
As expected, the caudal block was a safe and reliable technique in both the CM and nM groups. The failure rates at the first attempt were not different between the both groups for each anaesthesiologist even though the nM group demonstrated a lower failure rate than the CM group on the basis of a statistically insignificant decrease in the incidence of bloody taps. In the nM group, the overall time required to insert the needle in proper position was significantly shorter than in the CM group regardless of anaesthesiologist.
In the present study, there were two reasons for failure of the initial needle positioning. One was bloody tap, which occurred in four of the nine failures. The other was subcutaneous placement of needle tip, which occurred in five cases. These results correspond well with the report of Afshan et al 11 , in which most complications following caudal block resulted from misplacement of the needle into the superficial soft tissues, intravascular or intraosseous space, or intrathecal space leading to failure of the block or systemic toxicity. An interesting aspect of our results was that bloody tap occurred only in the CM group. It has been suggested that bloody taps in infants and children result from intraosseous puncture rather than intravenous placement of the needle 13 . We would suggest that the conventional method is more likely to lead to puncture of the anterior bony wall of the caudal canal and bloody tap. There are several reasons for the high risk of intraosseous puncture during caudal block in children. First, the caudal space is much narrower than that of an adult. In the previous study using ultrasound images of the paediatric caudal space, the mean antero-posterior measurement of the caudal epidural canal (SD) was 3.6 mm (1.4) in the transverse view 12 . Second, the sacrococcygeal ligament in young children may be softer and give a less obvious 'pop' when punctured and the softer bone of the child may allow the first 'pop' felt during attempted caudal placement to be the puncture of the anterior bony wall of the caudal canal 12 .
One potential shortcoming of this study was the potential for operator bias. The success of a technique is substantially dependent on the skill of the anaesthetist. Therefore we used two operators to allow comparison of the results according to the operator, but restricted the study to just these two operators to allow consistency of technique.
It has been suggested that caudal epidural techniques which involve direct passage of a needle more parallel with the caudal canal with a 'no-turn' or 'one-step' technique could reduce the risk of dural puncture, intraosseous injection or vessel damage 12, 15 . Our study has demonstrated a decrease in the time required to perform a 'one-step' block and an encouraging (but not statistically significant) absence of bloody tap compared with the conventional technique.
